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/"Following  is  tne  translation  of  an  article  by  A.  j  *'  '•• 

Aovokhatskiy  and  L.  N.  Mishin,  Institute  of  Virology  j,  ^  _  w 

iraenl  D.  I.  ivunovskogo,  AMN  USER,  Moscow,  published'  i‘ 
in  the  Russian-language  periodical  Voprosy  Vlrusoloril  j 
( Problems  of  Virology),  No  5,  1968,  pp  566—574.  .  it^rRj  i  8  iQgQ 
was  submitted  on  20  Nov  1967 %J  i  .  j 


The  missions  of  practical  virology  require  the  further  study 
and  development  of  simple  and  sufficiently  effective  methods  for  the 
cultivation  of  viruses.  These  requirements  are  answered  to  a^  known 
degree  by  the  method,  developed  after  the  discovery  of  the  principle 
of  fermentation  dispersion  of  tissue,  of  cultivation  of  viruses  in 
suspensions  of  trypsinized  cells  /5,  7,  11,  147*  Suspensions;  of 
primarily  trypsinized  fibroblasts  of  chick  embryos  were  used  with 
success  for  tne  cultivation  of  viruses  of  fowl  plague,  tick-borne 
encephalitis,  Newcastle  disease,  vesicular  stomatitis,  aueskii  vaccine, 
and  equine  encephalomyelitis  /l2,  15,  147*  i 

I 

V/e  studied  the  peculiarities  of  multiplication  of  virus;  in 
suspension  on  a  model  of  VEE  -  fibroblasts  of  chick  embryos,  using 
a  unit,  which  was  developed  in  our  institute,  for  the  deep  cultiva¬ 
tion  of  cells.  This  unit  makes  it  possible  to  aerate  the  culture 
with  a  mixture  of  air  with  a  set  percentage  of  carbon  dioxide'. 


Materials  and  Methods 


The  cells,  fibroblasts  of  chick  embryos  (FCE),  were  obtained 
with  the  help  of  the  conventional  raetnod  of  trypsinization  from 
10 — 11  day  old  chick  embryos,  as  a  rule  the  cells  were  diluted  in 
a  medium  of  the  following  composition:  0.5;«  solution  of  lactalbumin 
hydrolyzate  (45J6),  medium  No  199  (45)o),  heated  bovine  serum  (5— -10>»), 
and  100  AU/ml  each  of  penicillin  and  streptomycin* 

i 

t 

V/e  used  the  virus  of  Venezuelan  equine  encephalomyelitijs  (VuE) 
which  had  preliminarily  undergone  a  number  of  passages  in  monblayer 
cultures  of  fibroblasts  of  chick  embryos.  j 

The  culture  was  infected  by  means  of  introduction  into  jfche 
prepared  cellular  suspension  of  specific  amounts  of  an  appropriate 
dilution  of  virus-containing  fluid  in  Hanks  solution,  in  the!  tests 
for  studying  the  dynamics  of  accumulation  of  virus  we  used  tnb  follow¬ 
ing  method:,  the  suspension  of  cells  was  centrifuged  for  10  minutes 
at  1500  rpm,  the  supernatant  fluid  was  removed,  and  the  cellsi  were 
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1.  General  view  of  unit  for  deep  cultivation, 
units  for  automation  and  control;  b  -  interior  view  of  ihoubator. 
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Figure  2.  Main  arrangement  of  the  unit  for  deep  cultivation] 


r!S™£endQd  in  virus -containing  fluid.  After  contact  for  30  'minutes 
at  37  the  cells  were  again  precipitated  by  centrifuging,  washed 
t-irce  times  with  Hanks  solution,  and  diluted  in  fresh  nutrient  medium 
up  to  the  required  density.  A  sample  taken  at  this  moment  was 
tanen  as  0  hours. 

In  tne  work  we  used  the  semi-automatic  system  for  suspension 
cultivation  of  cells  of  the  batch  type  (Fig.  1}.  The  main  arrange¬ 
ment  of  the  unit  is  shown  in  Fig.  2.  i 

The  culture  vessels  wore  beakers  (1)  made  from  molytedhum 
glass  which  were  equipped  with  a  connecting  piece  with  a  tap  for 
decantation  of  suspension  and  a  fluoroplastic  cover  with  connecting 
pieces,  two  of  which  serve  for  switching  in  the  circulating  system° 
of  aeration,  and  the  third  for  the  sterile  admission  of  fresh 
nutrient  medium  from  vessel  5.  i 


* 


******  ■fr**"1***^-*^  wdfor 


For  mixing  the  suspension  a  floating  paddle  magnetic  stirrer 
made  from  molybdenum  glass  is  used.  The  lifting  force  of  the 
spherical  float  presses  the  upper  end  of  the  stirrer  shaft  toj  a 
conical  screw  mounted  in  the  center  of  the  cover  which  fulfills 
bn o  role  of  u  thrust  bearing.  To  tuo  lower  portion  of  the  float 
is  welded  a  ferromagnetic  rod  -which  is  armored  with  glass.  The 
stirrer  is  revolved  from  a  standard  magnetic  driving  gear,  while 
botn  rotation  and  centering  of  tne  lower  end  of  the  stirrer  rela¬ 
tive  to  the  vessel  is  ensured  by  the  magnetic  field.  A  distinctive 
feature  of  tne  stirrer  is  tne  absence  of  rubbing  parts  in  thej 
liquid  with  effective  mixing,  which  is  conditioned  by  the  presence 
of  t  o  paddles.  For  aoration  of  tne  suspension  a  hermetic  circu¬ 
lating  system  of  tne  closed  type  is  used.  It  ensures  the  contin¬ 
uous  flow  of  sterile  air  with  a  set  concentration  of  COg  over!  the 
surface  of  the  suspension.  Circulation  of  the  gaseous  mixture  is 
ensured  by  an  air  micropump  (4)  with  a  regulatable  capacity  from 
0.1  to  2  l/min.  The  required  concentration  of  COg  is  ensured  by 
an  apparatus  of  automatic  regulation,  the  pickup  of  which  is 
included  in  the  aeration  system.  Freliminary  establishment  of  the 
required  percentage  of  COg  is  done  with  the  help  of  a  special;  reg¬ 
ulator  vithin  limits  from  1  to  1<#>,  All  the  elements  of  the; 
apparatus  are  calculated  for  prolonged  continuous  operation,  j 

Cultivation  was  carried  out  for  the  most  part  in  a  volume  of 
500 — 700  ml.  The  suspension  was  mixed  by  various  methods:  by!  a  mag¬ 
net  placed  in  the  bottom  of  the  vessel  (stirrer  system),  by  ai  magnet 
suspended  on  a  chain  (spinner  system),  and  by  a  paddle  stirrer.  If 
in  the  tests  a  unit  for  deep  cultivation  was  used,  then  the  rate  of 
rotation  of  the  stirrer  varied  from  180  to  250  rpm.  The  culture  was 
aerated  continuously  with  air  or  a  mixture  of  air  and  carbon  dioxide 
in  sot  proportions  with  a  rate  of  flow  of  gaseous  mixture  under  the 
culture  of  400  ml/min.  The  temperature  was  maintained  constantly 
at  around  57°.  Samples  were  taken  after  specific  intervals  of  time, 
pP  ox'  the  suspension  was  determined  by  a  change  in  the  color  'of  the 
.j.ionol  red  Indicator,  and  in  necessary  cases  data  were  controlled 
by  pctentiometric  indices.  The  amount  of  cells  in  1  ml  was  calculated 
In  a  Goryayev  chamber.  Living  and  dead  cells  were  differentiated 
by  susceptibility  to  staining  with  Trypan  Blue.  j 

Results  | 

For  the  purpose  of  determining  the  required  initial  parameters 
a  number  of  preliminary  investigations  were  carried  out.  The;  results 
of  a  study  of  tho  survival  of  FCL  cells  in  suspension  showed  (that 
under  tho  selected’  conditions  a  sufficiently  high  density  and  via¬ 
bility  of  the  culture  wus  ^reserved  for  the  first  1-|-  days  (Fig.  3). 
Already  in  several  hours  after  tho  onset  of  cultivation  the  colls 
had  rounded  off,  and  by  6  hours  began  to  conglomex ate,  initially 
by  4-6-8  cells  and  then  more,  so  that  by  18—24  hours  up  to  SlO1/*  of 
tiie  cells  were  found  in  aggregates,  tho  viability  of  which  corresponded 
to  the  viability  of  the  culture  as  a  whole.  By  this  time  lax*ge 
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Pig.  3.  Dynamics  of  changes  in 
the  population  of  FCE  cells  in  a 
suspension  m  noninf acted  and 
VEii  virus  infected  culture. 
Woninfected  culture:  1  -  total 
of  cells,  2  -  living,  infected 
culture;  3  -  total  of  cells, 

4  -  living. 

(a)  10°  cells/ml;  (b)  days. 


Pig.  4.  Dynamics  of  change!  in  the 
pH  under  various  conditions!  of 
aeration.  j 

Koninfected  culture:  1  -  aeration 
with  air,  2  -  air  and  1.5#  C02; 
infected  culture:.  3  -  aeration  with 
air,  4  -  air  and  1.5#  C02;  5  - 
absence  of  aeration;  6  -variable 
regimen  of  aeration.  i 

( c)  hours . 


solitary  light  cells  were  revealed  in  the  culture.  Formation!  of 
aggregates  did  not  drop  even  with  the  intensive  mixing  of  the;  paddle 
stirrer  at  a  rate  of  rotation  of  250—270  rpm.  On  tne  4 — 5th!  day 
of  cultivation  the  aggregates  were  disintegrated  ".s  a  result  of  the 
death  of  a  portion  of  their  component  cells.  At  this  same  tike 
solitary  cells  began  to  degenerate.  j 

Throughout  the  entire  experiment  a  settling  was  noted  o!f  a 
considerable  amount  of  cells  on  the  walls  of  the  culture  vess;el  along 
the  edge  of  the  meniscus.  The  rate  of  formation  and  density  of  this 

cell  ring  always  corresponded  to  the  viability  of  the  culture1. 

i 

I 

The  change  in  the  pH  of  the  FCE  culture  at  a  density  of «  3.5  •  10 
cells  in  1  ml  and  aeration  with  air  with  1.5#  COg  is  shown  in'  Figure 
4  (curves  1  and  2).  Blowing  through  of  a  mixture  of  air  with  l,b)o 
C02  did  not  protect  the  culture  from  aoidulation,  and  aoratioh  with 
air  at  a  rate  of  flow  of  400  ral/min  maintained  the  pH  within  joptimum 
limits. 


The  stability  of  the  virus  at  37°  in  the  medium  usod  under  con¬ 
ditions  of  constant  mixing  was  compared  with  the  stability  of,  the 
virus  in  an  immobile  oell-less  medium.  The  results  of  the  experiment 
are  shown  in  Pig,  5,  Inactivation  of  the  virus  during  mixing!  takes 
plaoe  considerably  more  rapidly.  While  in  the  immobile  medium  at  37° 
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?i2*  5*  Dynamics  of  inactivation  Pig*  6.  Dynamics  of  accumulation 
of  VAD  virus  in  an  immobile  medium  of  VSa  virus  in  a  suspension  cul- 
(1)  and  with  mixing  (2).  ture  of  FCA  cells  (density  of  pop- 

Legend  (both  figures):  (a)  -  ulation  5  •  10°  cells  ini  1  ml) 

FFU/ral;  (b)  -  hours.  at  a  mltiplicity  of  infection  of 

0.00002  PFU/cell  (1)  anh  2  ?FU/ 
cell  (2).  f 


in  24  hours  the  infecting  capacity  of  virus  is  reduced  by  1—1 ,2  lg, 
in  24  hours  with  constant  mixing  it  was  reduced  by  2.5— 5.5  l'g. 

i 

I 

In  a  comparison  of  the  various  methods  of  mixing  it  turned  out 
that  when  using  the  spinner  system  or  the  paddle  stirrer  the  level 
of  virus  was  approximately  the  s_me.  As  a  rule  the  stirrer  ciilture 
yielded  less  of  an  output  of  virus. 

i 

Dynamics  of  multiplication  of  virus  in  a  suspension  of 
PCD  cells.  For  studying  the  dynamics  of  accumulation  of  virus  two 
parallel  cultures  (density  of  population  2.5  •  10  cells  in  1;  ml) 
were  infocted  with  a  multiplicity  of  infection  of  2  and  0. 000,02  PFU/ 
cell  (Fig.  6).  A  lowering  of  the  infecting  capacity  of  virus1  was 
noted  in  the  first  3  hours,  then  the  isolation  of  virus  increasod 
almost  exponentially  from  4  to  9—10  hours  in  the  case  of  a  hjigh 
mltiplicity  of  infection  and  from  6  to  22—24  hours  with  low;  multi¬ 
plicity.  The  maximum  titers  in  the  first  case  comprised  4,4  '•  10° 
FFU/ral,  and  in  the  second  -  2.1-  •  10J  ?FU/ml.  In  both  cases  jin  48 
hours  an  expressed  lowering  was  noted  in  the  titers  of  infectjing 
capacity  of  the  virus.  j 

The  acceler  ted  lowering  in  the  amount  of  colls  in  the  {infected 
culture  appeared  in  24  hours  after  the  inoculation  of  virus,  jhowover, 
UiU.  viability  of  the  cells  began  to  drop  much  earlior  and  at  iconsid- 
crubly  moro  expressed  tempos.  Figure  2  shows  tne  dynamics  of  caange 
in  a  culture  after  infection  with  a  massivo  doso  of  virus.  Ag^ro- 
gatos,  existing  for  a  long  time  in  an  infected  culture,  disintegrated 
^nd  died  already  by  24—32  hours.  The  cell  ring  on  the  wall;  of  the 
vocsol  was  weakly  expressed  and  easily  disintegrated.  Changes,  caused 
in  a  culture  by  infeotion  of  virus  with  low  multiplicity,  differed 
only  by  the  greater  lengthiness  in  time.  } 


6. 


Table  1 

Multiplication  of  tho  Vkh  virus  in  suspensions  of  chick  embryo; 
fibroblasts  during  various  concentrations  of  cells  and  a  various 
multiplicity  of  infection.  { 


tl)  Koilttl-Kt* 
™  p.mn«  kji«* 
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(n  maiOma) 

ZMlIOXtcCTBCHHOCTh 

Ay  Mll<t>CKDHII 
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.  d/T HTp  Biipycj 
(»  UOH/ma)  qopci 

24  naca 

1 

1 
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2 

-  5 
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6 

0,1 
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■  0,00001 

810* 

7 

0.4 

110* 

0,0004 

110* 

10 

2 

2,7-10* 

0,0001 

4,4-10" 

Key:  (a)  Concentration  of  colls  (in  million/ml);  (b)  Multiplicity 
of  infection  (in  PFU/cells);  (c)  Titer  of  virus  (in  PFU/ml)  after 
24  hours .  t 


Multiplication  of  Vkh  virus  in  suspended  cultures  of  FCF 
cells  of  various  density.  The  concentration  of  cells  varied  from 
1  to  10  •  10°  cells  in  1  ml.  In  each  experiment  we  studied  tho 
multiplication  of  virus  with  a  multiplicity  of  infection  differing 
by  4—5  orders.’  Tho  data  obtained  are  cited  in  Table  1.  Tho  best 
results  were  achieved  with  moderate  densities  of  cell  population 
of  2—7  •  10°  cells  in  1  ml.  Under  theso  conditions  the  virus 
accumulated  up  to  titers  of  8  •  10^—2  •  109  PFU/ml  in  24  hours. 

The  titers  of  virus  at  a  low  multiplicity  of  infection  continually 
turned  out  to  be  higher  than  during  infection  with  a  massive  dose. 

Comparison  of  productivity  of  VEM  virus  undor  various  condi¬ 
tions  of  cultivation.  Table  2  shows  the  maximum  titors, obtained  in 
a  number  of  tests  for  u  given  concentration  of  colls  for  1  ml 
medium,  of  accumulation  during  the  application  of  the  roller,  sus¬ 
pension,  and  stationary  cultivation.  Stemming  from  the  data  cited 
tho  approximate  harvest  of  virus  per  1  coll  was  calculated.  It 
turned  out  that  the  lowest  was  during  its  incubation  in  suspension, 
and  tho  highest  was  in  monolayer  stationary  cultures.  During  any 
method  of  cultivation  the  greatest  productive  cupaoity  of  virus  wus 
notod  at  a  concentration  of  1.5 — 3  •  10°  cells  in  1  ml  of  medium  of 
aooumulation.  * 

pll  of  tho  suspension  during  various  conditions  of  aeration  of 
the  culture.  Figure  3  shows  the  results  of  measurements  of  pll  of 
the  suspension  in  various  periods  of  cultivation  of  both  lnfobtod 
cells  and  tnose  not  infected  with  virus.  In  the  described  series 
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cultivation''^"'  virtt*  *°p  1  coU  (FCli)  under  ''trious  conditions  of 
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Discussion  I 

The  Multiplication  oi‘  Y£a.  virus  in  suspensions  of  trypsinized 
l*’Ch  cells  is  subordinated  to  the  suuc  general  principles  v/nich  are 
characteristic  for  its  development  in  monolayer  cultures  of  tii.eso 
cells.  The  use  of  a  suspension  culturo  makes  it  possible  to 
achieve  a  considerable  economy  of  time,  nutrient  media,  ana  labor 
expenditure.  Since  the  greatest  density  ana  viability  of  ceil 
population  is  noted  in  zhe  first  hours  of  cult iv-t ion,  tnen  this 
method  can  be  used  with  great  success  for  the  incubation  of  virusos 
with  a  short  cycle  of  development,  by  multiplying  the  virus  con¬ 
siderably  speeds  up  tne  death  of  tho  culture  and  curtails  the  process 
of  survival  of  cells  to  several  hours.  The  higher  the  multiplicity 
of  infection  the  more  significant  this  is. 

The  influence  of  multiplicity  of  infection  on  tho  maximum 
titers  of  virus  apparently  has  the  same  mechanism  which  was  noted 
by  us  for  roller  cultures,  but  less  expressed.  It  is  necessary  to 
add  tnat  with  a  low  multiplicity  of  infection  the  colls  in  10 — 14 
hours  are  able  to  become  somewhat  adaptod  to  existence  in  a  sus¬ 
pension  and  increase  the  production  of  virus.  A  certain  increase 
in  the  yield  of  virus  following  infection  with  small  doses  in  sus¬ 
pensions  of  trypsinized  cells  has  been  described  for  tho  virus  of 
fowl  plague  (6)  and  poliomyelitis  £5] .  As  a  rule  for  suspension 
cultures  a  considerable  scattering  of  data  and  a  certain  inconstancy 
of  results  are  characteristic  for  surviving  colls. 

The  fact  that,  based  on  yield  of  virus  for  1  cell,  suspension 
cultures  give  in  considerably  to  the  method  of  monolayer  cultures 
has  been  noted  many  times  by  many  authors  on  various  cell  and  virus 
models  /~5,  7,  8,  10,  13,  14,  17/.  From  our  point  of  view  it  is 
insufficient  to  explain  this  phenomenon  just  by  tho  pnysiological 
state  of  oells  in  suspension,  thus  conditioning  a  lessor  production 
of  virus  by  eaoh  cell.  In  suspensions  of  oniok  fibroblasts  oven 
when  using  a  large  multiplicity  of  infection  a  considerable  amount 
of  noninfeoted  cells  romain  /57.  On  the  other  hand  destruction  of 
the  virus  in  a  suspension  proceeds  very  intensively.  Finally,  tho 
method  of  cultivation  of  virusos  in  suspensions  of  trypsinized  colls 
is  not  near  as  developed  as  tho  method  of  their  multiplication  in 
monolayer  cultures. 

One  of  tae  most  important  factors  which  determine  the  succoss 
of  suspension  cultivation  is  the  maintonanoe  of  optimum  pH  values. 
Aoidulation  of  the  medium  sharply  speeds  up  the  death  of  virions, 
meanwhile  a  shift,  of  pH  to  the  acid  side  increases  by  2—4  time., 
the  activity  of  inhibitors  of  bovino  serum.  A  correct  regimen  of 
aeration  makes  it  possible  to  simply  and  effectively  rogula  to  tho 
reaction  of  the  medium.  There  is  interest  in  the  nature  of  tho 
curve  for  change  of  pH  during  aeration  of  a  culture  with  air  (coe 
Fig.  3,  curve  3),  which  ia  apparently  connected  with  tne  cycle  of 


r 


V 

t 

i 


reproduction  of  the  virus.  The  initial  ove;all:alinity  of  the  medium 
was  probably  conditioned  by  tne  active  removal,  by  the  stream  of 
air,  of  the  volatile  products  of  cell  metabolism  (CO  in  partitular) 
which  wore  formed  as  a  result  of  the  activation  of  *  energy  processes 
of  tno  cells  under  the  infiuonce  of  virus  infection.  A  subsequent 
lowering  of  pH  takes  place  due  to  the  greater  accumulation  of  Non¬ 
volatile  acid  substances.  It  is  mu  inly  their  liberation  which' ham¬ 
pers  tn©  maintenance  of  pH  by  tnc  met nod  of  aoration  with  high;  con¬ 
centrations  of  colls.  j 

Me  propose  the  follov/ing  optimum  method  for  the  accelerated  and 
economical  obtaining  of  Vhh  virus  in  the  ur.it  for  deop  cultivation. 

?Ch  cells,  obtained  by  means  of  trypsinization  of  10 — 11  day  chick 
embryos  are  washod  once  with  Hanks  solution,  they  are  diluted  in  a 
mixture  of  medium  Ho  199  and  0.5;'o„ solution  of  lactalbunin  hydrolysate 
(1:1)  to  a  density  of  5—3.5  •  10u  cells  in  1  ml,  and  5—7/a  of  heated 
bovine  sorum  and  antibiotics  (100  ^U/ml  each  of  penicillin  and  strepto¬ 
mycin)  are  added.  The  suspension  of  cells  is  placed  in  a  culture 
vessel  and  the  virus  is  introduced  on  the  basic  of  10“^  and  10“^ 
Pi’U/coll.  The  temperature  of  incubation  is  set  at  37°C,  rate  of  ro¬ 
tation  of  the  stirrer  is  around  200  rpm,  and  flow  of  gaseous  mixture 
i3  400  wl/minj  the  pH  is  maintained  by  the  corresponding  regimen  of 
aeration,  which  is  selected  depending  on  conditions;  gassing  for  24 
hours  with  1.5J»  COq  or  gassing  for  the  first  6  hours  with  3.5— 

C0o  with  subsequent  blowing  tarough  of  air  for  up  to  24  hours.;  During 
cultivation  in  closed  vessels  without  aeration  (spinner  system  for 
oxunple )  it  is  nocessary  to  seloct  the  correct  ratio  of  liquid  and 
gaseous  phases  (1:10—1:20)  or  to  use  cotton  plugs,  add  soda  period¬ 
ically,  etc.  In  24  hours  the  culture  is  removed  and  the  suspension 
contrifugod  at  6,000  g  for  15  min.  Infectious  titers  of  virus  and 
supernatant  liquid  roach  109  PFU/ml.  The  entire  procoss  of  produc¬ 
tion  of  virus  oocupios  26—23  hours. 

Conclusions 

1.  The  unit  for  deep  cultivation  can  oe  used  successfully  for 
the  multiplication  of  viruses  in  a  suspension  of  trypsinized  oells. 

2.  It  h»e---aeen  ^demonstrated  that  the  effect ivenoss  of  repro¬ 
duction  of  virus  is  determined  by  tho  multiplicity  of  infootion,  con¬ 
centration  of  colls  in  the  suspension,  and  the  regimen  of  aeration. 

3.  Optimum  technological  conditions  have  boon  doveioped  for 

t.;o  accelerated  obtaining  of  large  quantities  of  a  representative  of 
group  arboviruses. -  the  Vile,  virus.  _ 
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